Abbreviations & Acronyms BMI = body mass index EMG = electromyography MRI = magnetic resonance imaging PFM = pelvic floor muscle PFMS = pelvic floor muscle strength UI = urinary incontinence US = ultrasound WHO = World Health Organization Objectives: To assess the correlation between hormonal status and pelvic floor muscle strength. Methods: A total of 140 continent women were prospectively evaluated, and divided into four groups according to age: group 1 (n = 34) aged 30-40 years; group 2 (n = 38) aged 41-50 years; group 3 (n = 35) aged 51-60; and group 4 (n = 33) aged >60 years. The following parameters were evaluated: demographic data using clinical questionnaire; hypermobility of the bladder neck using swab test; vaginal trophism by gynecological examination; hormonal status of the vagina by cytology; and pelvic floor muscle strength using a perineometer and electromyography. Results: There were no statistical differences between pelvic floor muscle strength, demographic characteristics, vaginal trophism and hypermobility of the bladder neck between groups (P > 0.05). There was a larger number of women with vaginal atrophy among those aged >60 years. Vaginal trophism assessed by pelvic examination was highly consistent with the findings of colpocytology (kappa test = 0.888). Electromyography showed that women with hypermobility had lower muscle resistance (endurance) when compared with those without hypermobility. Conclusions: Although vaginal atrophy is more intense in women aged >60 years, no difference can be found in the pelvic floor muscle strength during the physiological aging process in continent women. As a consequence, trophism is not the only factor related to pelvic floor muscle strength, and it should not preclude the selection of patients who are referred to prophylaxis.
Introduction
Functional evaluation of the PFM can be a prognostic factor in women with UI and pelvic organ prolapse. 1 During the female physiological aging process, the vulvovaginal atrophy that occurs as a result of the decrease of local estrogen levels, might be correlated with the weakness of the PFM in incontinent women. 2 Thus, the reduction in the number of estrogen receptors could justify the decrease of PFMS. Additionally, hypoestrogenism might also cause urethral epithelium atrophy and adjacent tissue sclerosis which, associated with the decrease of vascular plexus in the submucosa of the urethra, might contribute to UI. 3, 4 In Brazil, life expectancy has increased 9 years in the past two decades, with this rise being more expressive among women. 5 This fact implies a longer period of PFM exposure to the effects of hypoestrogenism. However, the studies in the literature comparing vulvovaginal hormonal status and PFMS are conflicting.
It is important to note that there are additional factors that might interfere with this complex process. Different studies reported the effect of the number and type of deliveries on PFM. 6 In contrast, Trowbridge et al. reported no correlation between age and PFMS evaluating nulliparous women aged between 21 and 70 years. 2 Despite these findings being later confirmed by other authors, the effect of physiological aging on the PFM weakening in continent women is still unclear. 1 Although we have shown, in previous series, that the physiological aging by itself does not cause PFM weakness, 6 other authors have reported a damaging effect of aging on PFMS, 5 suggesting that there is an annual decrease of 0.6% in the muscle mass after menopause, with interstitial infiltration of adipose tissue. This process could also contribute to PFM weakness. 1, 7 Despite the exact pathophysiology of PFM weakness remaining unclear, functional evaluation of pelvic musculature in continent women is an important parameter that might help in the prophylaxis and choice of the correct treatment strategy of UI. Thereupon, several techniques have been reported for PFM evaluation, each with its advantages and limitations, such as genital and perineal inspection, bi-digital vaginal palpation, perineometry, US, MRI, and EMG. [8] [9] [10] Aiming at a better evaluation of these patients, gynecological examination and colpocytology can be used to assess the vulvovaginal hormonal status. Although the gynecological examination is a subjective technique and examiner dependent, it is a low cost and suitable examination that can be carried out anywhere. Colpocytology is an inexpensive, painless and objective assessment with 82% specificity. 10 Considering the importance of these parameters and the inconsistency of data in the literature, the objective of the present study was to evaluate the impact of vulvovaginal hormonal status and urethral hypermobility on the PFMS of healthy continent women in different age groups.
Methods
A total of 140 women from Santa Isabel Hospital, in São Paulo, Brazil, were consecutively included in the present study. All participants were healthy women, with no urological complaints, who were mostly visitors or accompanying patients. The women were simply approached in the waiting room and informed about the research, and, if they agreed to participate, they signed the free informed consent approved by the Medical Research Ethics Committee of the University of Sagrado Corac ßão (REC protocol number 61/07).
The participants were prospectively distributed into four groups according to age: group 1 (n = 34) aged 30-40 years; group 2 (n = 38) aged 41-50 years; group 3 (n = 35) aged 51-60 years; and group 4 (n = 33) aged >60 years. The considered exclusion criteria were: presence of UI or related complaints, neurological disorders, previous pelvic surgery (except cesarean section), diabetes, smoking and cognitive deficit.
Procedures
All women filled a clinical questionnaire, from which personal data were obtained, such as frequency of physical and sexual activities, and obstetric and gynecological history. The BMI was calculated using the formula: BMI = weight / (height), 2 and classified according to the WHO (2006).
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Vaginal hormonal status assessment
The gynecological examination was carried out with the woman in stirrups, always by the same urologist, who evaluated the eventual presence of prolapse and the grade of vaginal trophism; it was assessed from 0 to 3 (4°): grade 0: no atrophy; grade 1: vaginal dryness, vaginal pallor, thin shiny mucosa; grade 2: grade 1 + urethral caruncle, labial thinning and retraction; grade 3: grade 2 + labial fusion, bleeding on contact and gross contracture of the urogenital hiatus. 12 Therefore, according to this clinical evaluation, with the exception of patients classified as grade 0, all others were considered to have vaginal atrophy.
During the gynecological examination, with the aid of a disposable vaginal speculum (with no lubricant), samples of material from the posterior vaginal fornix and the lateral vaginal walls were harvested for colpocytology analysis. All vaginal smears were immediately fixed in absolute alcohol and forwarded to the Department of Pathology of the Medical School of São Paulo State University, where the same cytologist analyzed all the samples. The cytological criteria considered to evaluate the atrophy were: predominately parabasal and basal cells, with few or no superficial or intermediate squamous cells, background debris from cellular degeneration, nuclear pyknosis, cellular apoptosis, possibly histiocytes and giant cells. 13 This analysis was expressed in maturation values and classified according to Lencioni (1987) : 0-49: low estrogen action; 50-64: moderate estrogenic action; and 65-100: high estrogenic effect.
14 According to these criteria, all women with values <65 were considered to have atrophy.
The prolapse degree, when present, was graduated according to the Baden-Walker classification. 15 
Objective PFMS evaluation
The PFMS was evaluated using a portable perineometer (Dynamed model DM01, São Paulo, Brazil), with the patients in the bent-knee lying position. A balloon catheter, sized 11 9 2.6 cm, was introduced into the vagina and filled with 60 mL of air to permit contact with the vaginal wall. This value was standardized in all participants. After the equipment had been zeroed, three PFM contractions were requested and held as long as possible, with 30 s of rest interval between each one. The maximal peak of each contraction was registered in cmH 2 O and the duration was recorded in seconds with a digital chronometer. The average of three measurements was used to avoid biased results.
The PFM activity was recorded using EMG equipment (MyoTrac G3; Thought Technology, Montreal, QC, Canada) connected to a vaginal electrode, and contact electrodes positioned under the upper anterior iliac crests to assess the abdominal muscles activity. The endurance was calculated from the measurement of the sustained contraction curve area (lV/s 2 ). For the urethral hypermobility evaluation, the Q-tip test was carried out in all women, always in the same way and by the same urologist. The participants were positioned in stirrups, parallel to the ground. A sterile cotton swab, previously lubricated with 2% lidocaine gel, was introduced in the urethra and drawn back to the level of the urethrovesical junction, as described by Crystle et al. 16 Angles were measured with a goniometer in the resting position and during the maximum Valsalva maneuver or cough effort.
Sample size
Over a 2-year study period, a sample size of 140 women was distributed proportionally in four age ranges of 24%, 27%, 25% and 24%, respectively. It was considered a 95% confidence level with 10% estimation error, considering that 65% of respondents agree to participate in the study. Thus, 140 participants were recruited.
Statistical analysis
To compare the four study groups (Tables 1 and 2 ), techniques of parametric analysis of variance were applied when the variable adhered to the normal distribution of probabilities, and non-parametric analysis when the variable had no adherence. Parametric analyses were completed with Tukey's multiple comparison test, and non-parametric analyses with Dunn's test. 17 The kappa test was used to evaluate the agreement between vaginal trophism assessed by gynecological examination and colpocytology.
For Tables 3 and 4 , similar procedures were used. However, in comparing just two groups, the parametric procedure consisted of the Student's t-test for independent samples, and the non-parametric procedure consisted of the Mann-Whitney test. 17 All findings were discussed considering a 5% significance level.
Results
The average age in groups 1, 2, 3 and 4 were 34.7, 45.1, 54.5 and 66.6 years, respectively (P < 0.001). The BMI in groups 1, 2, 3 and 4 were 24.9, 26.3, 26.1 and 27.9 kg/m 2 , respectively (P = 0.042). According to the WHO classification, all groups were classified as pre-obesity. 11 The BMI was significantly higher in group 4 when compared with group 1; there was no difference among the other groups. These data and their statistical analysis are summarized in Table 1 .
Of the 140 women evaluated in the present study, 42 were nulliparous. Among the remaining 98 women who had at least one delivery, the number of pregnancies was significantly higher in group 4 when compared with group 2 (P = 0.019), but there was no statistical difference among the other groups (P > 0.05). Types of childbirth were classified into vaginal and cesarean deliveries. The number of vaginal deliveries was higher in group 4 when compared with group 1 (P = 0.011), and there was no significant difference among the other groups (P > 0.05; Table 1 ).
No statistical difference (P = 0.41) was observed in the number of micturitions within 24 h in the different groups (Table 1) .
Vaginal atrophy, evaluated by the gynecological examination, was observed in 51% of women aged >60 years (group 4), being classified as severe in 45.5% and moderate in 6%. In group 3, vaginal atrophy was present in 17.1% of women, being 11.4% severe and 5.7% moderate. The vaginal trophism was considered normal in groups 1 and 2. As expected, we observed more vaginal atrophy in women aged >60 years. The kappa test showed an excellent agreement in the vaginal trophism evaluation assessed by gynecological examination and colpocytology, with a concordance level of 0.88.
Regarding the PFMS in the different age ranges, there was no statistical difference among groups, either assessed by a perineometer or EMG (Tables 2 and 3) .
When patients were categorized according to vaginal trophism, no statistical difference was observed among groups, neither in PFMS evaluation by perineometer nor EMG (Table 4) .
Considering the urethrovesical mobility, we observed a sustaining contraction (P = 0.048) and endurance (P = 0.033) significantly higher in women without hypermobility, as shown in Table 5 . There was no statistical difference among groups, neither regarding demographic characteristics nor PFMS using the perineometer, when we compared women with and without hypermobility. *(P < 0.01) group 4 > group 3 > group 2 > group 1. **(P < 0.05) group 4 > group 1. ***(P < 0.05) group 4 > group 2. ****(P < 0.05) group 4 > group 1. †Mean (standard deviation). ‡Median (minimum value; maximum value). 
Discussion
The real impact of hormonal changes in the female urinary tract remains uncertain. However, the hormonal variations that occur during the menstrual cycle, causing changes in urodynamic test parameters (follicle-stimulating hormone level had a positive correlation with post-residual volume on uroflowmetry in premenopausal women), endorse the relationship between hormone levels in women and their urinary system function. 18 Additionally, hormonal changes occur at different rates during the reproductive period, peri-and postmenopause, affecting the PFM function depending on its association with other factors, such as obesity, parity, type of delivery and so on.
We noted a significantly higher BMI in older women when compared with younger women, and also a positive correlation between increased bodyweight and age, showing that aging is correlated to weight gain (r = 0.215; P = 0.011). These data are consistent with the literature where Trowbridge et al. reported weight gain in women aged >41 years. 2 Another study showed that menopause is correlated with weight gain. 19 Different studies have reported the effect of age, parity and types of delivery on the PFM. 20, 21 In the present study, we observed that BMI, as well as the number of pregnancies, and vaginal deliveries were higher in older women. However, there was no statistical significance in PFMS in group 4, suggesting that those variables did not impact significantly on the PFMS of these patients.
As previously commented, during the physiological aging process may occur a decline in neuromuscular performance and function, secondary to changes in hormonal status, and decrease in estrogen levels. These alterations, in incontinent women, can be related to weakness of the PFM, 5 caused by diminution in muscles estrogen receptors. 4 In our series, the evaluation of vaginal hormonal status showed a higher vaginal atrophy in older women.
Aiming to better evaluate the PFMS in these women, we used a perineometer, a simple, well tolerated and minimally invasive method, that identifies whether there is correct muscular recruitment and can also predict a possible PFM dysfunction. 22 According to some authors, the evaluation with a perineometer is a reliable method to objectively assess the strength of the PFM. 23 However, neither perineometry nor EMG found a significant decrease in muscle strength in women with vaginal atrophy when compared with those with trophic vagina. These data are in agreement with other studies that concluded that physiological aging appears to have a limited effect on contractility and distensibility of the PFM. 1, 24 In contrast, other authors noted that estrogen deficiency is related to PFM weakness. 5 Additionally, different studies have noted that incontinent women showed a decrease of PFMS when compared with continent women, and that it worsens during the physiological aging process. It is important to note that PFM dysfunctions might be related to multifactorial causes. 22, [25] [26] [27] The correlation between gynecological examination and colpocytology found an excellent agreement in vaginal trophism evaluation. Although the gynecological examination can be an evaluator-dependent method of vaginal trophism assessment, it showed an excellent reproducibility, with the advantage that it is low cost and can be easily carried out anywhere.
Besides PFM integrity and the estrogenic factors, the bladder neck position might also have an influence on maintaining urinary continence in women. In the present study, using EMG, we noted that women with urethrovesical hypermobility had lower muscle resistance. However, according to Moreira et al. no significant correlation was found between pelvic floor function and bladder neck mobility in postmenopausal continent women. 28 The role of the bladder neck hypermobility relative to PFM strength is, therefore, not completely elucidated.
We believe that the main limitation of the present study was the sample size. Despite the total number of 140 women, their subdivision into four groups according to age range decreased the number of participants and the sample power. Certainly, this limitation significantly reduced the statistical power of our analysis. In the same way, the numerical discrepancy between women with normal and atrophic vaginal trophism, as well as between those with or without urethral hypermobility, do not invalidate our conclusions. The key point in the present study was the strong agreement between the evaluation of vaginal trophism by clinical examination and colpocytology. This finding proves that, despite possible criticism, the gynecological examination showed excellent reproducibility, being sufficient to predict the degree of atrophy in these patients, with the advantage that it is low cost and can be easily carried out anywhere, particularly in developing countries countries. Finally, the present results showed that there were no differences in muscle strength during physiological aging in our patients, suggesting that this process could be different in continent and incontinent women.
In conclusion, according to the present data, there were no differences in the PFMS during the physiological aging process in continent women. Women with urethrovesical hypermobility showed a decrease of muscle resistance (endurance) when compared with those without, but it did not affect continence. Furthermore, control studies are necessary to analyze the influence of these factors on PFMS.
